Introduction
Cryopreservation of embryos by vitrification requires a solution which is cryoprotectant, will vitrify on cooling at an easily achievable and repeatable rate, will remain vitreous on warming and is not toxic to embryos during the period of exposure before vitrification and during warming. Good (Fahy et al, 1987) and thus are likely to be less toxic to embryos.
The solute concentration at which vitrification occurs and the duration of exposure of embryos to pre-vitrification temperatures are inversely related to the rate of cooling. Thus (Rail et al, 1984; Czlonkowska et al, 1991) ; butylène glycol, found by Boutron (1990) to be a better glass former than other cryoprotectants, and high molecular weight polymers that reduce the vitrification concentration of solutions (Fahy et al, 1984 (Whitten, 1957 Whitten's medium (WM) (Whitten, 1971) (Hunter et al, 1955; Ryan et al, 1984) Exposure of mouse blastocysts, early blastocysts and morulae to VSll for 1, 2 and 3 min, respectively, had no effect on subsequent development to hatching blastocysts, regardless of Volume and surface area affect the response of solutions to cooling and warming, and thus the concentration at which vitrification will occur at specified rates of temperature change. Slower cooling or warming rates result in crystalliza¬ tion. Nevertheless, the relative glass forming tendencies of the cryoprotectants tested were similar to those that apply at much slower cooling rates (Fahy et al, 1987 ). An interesting observation was that often a slight increase in solute concen¬ tration above the vitrification concentration would lead to cracking of the glass during cooling or warming. Cracking would be expected to damage cryopreserved biological material.
All of the cryoprotectants, with the exception of ethylene glycol, were toxic to day-4 mouse morulae at less than maxi- Rail and Fahy, 1985; Scheffen et al, 1986; Rail, 1987; Massip et al, 1989) . Data on permeation of sheep embryos (Szell el al, 1989) (Rail and Fahy, 1985; Rail, 1987; Ishimori et al, 1992; Isachenko et al, 1992; Cseh et al, 1992 
